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Abstract 
This paper presents an optimization framework to determine the government incentive schemes to 
promote battery electric vehicle (BEV) taxis. The impacts of drivers’ operating behaviors, charger network 
coverage, BEV range, vehicle costs, and energy prices are taken into account. A two-stage optimization 
model is proposed, which describes the interplay between the government subsidy scheme and taxi 
drivers’ acceptance of BEVs. To quantify drivers’ acceptance, a data-driven microsimulation model is used 
to simulate driving and charging activities based on GPS trajectory data collected from conventional 
gasoline taxis in Changsha, China. The optimal government subsidy scheme is solved using the genetic 
algorithm. The key findings include: (1) detour for charging is inevitable for BEV taxis and would cause 
significant disruption in operational activities, especially for small-range BEVs (e.g. 150 km). (2) 
Subsidizing on vehicle purchase is necessary, and the subsidy intensity is expected to maintain at the 
current level to achieve an electrification goal of more than 50%. The government should provide financial 
support for public charging exclusive of vehicle purchase. (3) Different taxi drivers might prefer different 
BEV ranges, thereby they should be allowed to select from diversified BEV models, instead of deploying a 
single vehicle model for the entire taxi fleet. 
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Design government incentive schemes for promoting electric taxis in China 
1 Introduction 
Battery electric vehicles (BEVs) can reduce greenhouse gas (GHG) emissions and other harmful 
pollutants in highly populated urban areas. In particular, deploying BEVs in transit bus and taxi 
fleets offers passengers a cleaner and quieter ride, saves on fuel costs, and promotes the acceptance 
of BEVs among the citizens (Tao, 2013). Several electric taxi pilot projects have been deployed 
around the world, such as in New York City, USA, Tokyo, Japan, Amsterdam, the Netherlands, 
Jeju, South Korea, and Shenzhen, China (Merkisz-Guranowska and Maciejewski, 2015; Park et 
al., 2014). 
Government incentives, in terms of subsidies and tax credits, have been provided to promote the 
acceptance of BEVs. Through various forms of incentives, the government can influence the 
purchase decision of BEVs, the deployment of charging infrastructure, and energy costs. For 
example, taxi companies in the Amsterdam region, the Netherlands, can receive a total subsidy of 
€10,000 for purchasing an electric taxi in 2014, including €5000 from the City of Amsterdam and 
€5000 from the Ministry of Infrastructure and Environment (Netherlands Enterprise Agency, 
2015). In Seoul, South Korea, buying electric taxis will be subsidized with up to 50% of the 
purchase price (Chosun Media, 2013). In addition to providing purchase incentives for BEVs, the 
government also faces decisions on how to invest and incentivize building publicly accessible 
charging infrastructure. In Germany’s three largest cities, namely Hamburg, Munich, and Berlin, 
the subsidy requirement amounts to €14 million for the expansion of the public charging 
infrastructure by 2017 (GNPEM, 2015). In Austin, USA, the government provides a rebate of up 
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to $4,000 or 50% of the cost to install approved electric vehicle (EV) Level 2 charging stations 
and/or Level 1 outlets (AFDC, 2017). The utility companies enact incentive programs that reduce 
charging costs for residential customers in Austin. For example, with Austin Energy’s EV360 
program, EV drivers can take advantage of a fixed, time-of-use charging rate as low as $30/month, 
which includes unlimited charging at any of the public charging stations enrolled in the program 
and unlimited off-peak charging at home (Austin Energy, 2017).  
Although various incentives have been provided to promote BEV taxis, the effectiveness of these 
incentives on taxi drivers’ acceptance is still unclear. This is a particularly important issue in China, 
where a large taxi fleet is driven heavily in urban areas, and the government currently provides 
one of the most aggressive subsidy schemes (Hao et al., 2014; Zhang et al., 2013). China have 
launched the electric vehicle subsidy scheme since 2009. Taxi companies are eligible for subsidies 
from the national and municipal governments (MOF, 2009). According to the national policy, the 
subsidies are ¥1,800 per kWh of the battery capacity (MOF, 2015). In some cities, such as Beijing 
(Beijing, 2016), Tianjin (Tianjin, 2016) and Changsha (Changsha, 2014), the governments provide 
a 1:1 match with local subsidies. In addition to subsidizing on BEV purchase, the local 
governments implement policies to shorten the service life of CGV taxis1, and provided subsidies 
and awards in charging infrastructures (MOF, 2016), whereas no financial incentives are provided 
for BEV taxi drivers to recover their charging costs. 
                                                          
1  For example, in Beijing, the policy is specifically designed to subsidize BEV adoption in the taxi fleet and shorten 
the service life of CGV taxis from 8 years to 6 years. If a CGV taxi is retired within 7 years, it can receive a one-off 
subsidy of ¥10,000 per vehicle, in addition to the national and local government subsidies and the tax exemption on 
BEV purchase (Beijing, 2015a). 
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This study aims at finding the most effective incentive scheme to maximize the adoption of BEV 
taxis, considering the interplay of government policies and taxi drivers’ individual decisions on 
vehicle choice. In particular, the following research questions are analyzed:  
(1) How would charging activities affect taxi drivers’ operational revenue? 
(2) How would BEV taxis compete with CGV taxis when provided with subsidies on vehicle 
purchase and charging cost? 
(3) How to maximize the adoption of BEV taxis while using the least amount of subsidies?  
Research question 1 is addressed by developing a data-driven microsimulation model to estimate 
the energy-cost revenue and operational losses caused by charging activities. We address research 
question 2 by comparing the total cost of owning and operating CGVs versus BEVs, taking account 
of different charger network coverages, BEV ranges, and the combinations of cay-buying and 
charging incentives. Research question 3 is formulated as a two-stage optimization problem and 
solved using the genetic algorithm. 
The remainder of this paper is organized as follows. In Section 2, the review of related work is 
summarized. Section 3 presents the two-stage optimization framework and the data-driven 
microsimulation model, followed by the data description of GPS trajectories collected in Changsha, 
China in Section 4. In Section5, results and discussions are presented. Section 6 discusses the 
policy implications regarding the impacts of BEV range, charging infrastructure coverage, vehicle 




2 Literature review 
The prices of electricity and gasoline determine the operational cost and have a significant impact 
on the acceptance of BEV taxis. According to the sensitivity analysis by Crist (2012) and Ning et 
al. (2012), low electricity price and high gasoline price made BEV taxis more competitive than 
CGVs. With the goal of making BEV taxis as profitable as CGV taxis in 5 years, Wang et al. (2015) 
estimated BEV taxi fares using four types of BEVs with different ranges. The results showed that 
when the average gasoline price increased to ¥11.47 /L, the BEV taxi fare could be lower than that 
of CGV taxis; while if the electricity price was set higher than the current residential electricity 
price, the BEV taxi fare needed to be higher than that of CGVs. To promote electric taxis in 
Shenzhen, China, Li et al. (2015) proposed two incentive schemes to reduce BEV taxi drivers’ 
energy cost, namely, reducing the charging tariff and exempting BEV taxi passengers from fuel 
surcharge tax. Most citizens were happier to take BEV taxis than CGV taxis due to the exemption 
from fuel surcharge fees. Furthermore, allocating charging infrastructure based on the charging 
demand help mitigate taxi drivers’ range anxiety and promote the market acceptance of BEVs. 
Sellmair and Hamacher (2014) conducted an event-based simulation of BEV taxis’ annual mileage 
based on the driving patterns of CGV taxis, and proposed an optimization method to find the 
optimal number of charging stations for the city of Munich, Germany. Based on taxi trajectory 
data collected in Beijing, China, Shahraki et al. (2015) and Cai et al. (2014) formulated 
mathematical models to determine locations of public charging stations that maximize the vehicle-
miles-traveled (VMT) of BEV taxis. Their research are intended for assisting the government 
siting publicly accessible charging infrastructure efficiently and provide insights on allocating 
charging infrastructure based on the spatial and temporal characteristic of CGV taxis.  
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The market acceptance of BEV taxis depends on taxi drivers’ desires and economic viabilities. A 
cross-national study conducted by Park et al. (2014) showed regional differences between South 
Korea and USA in terms of factors influencing the adoption of BEV taxis. Price-related factors are 
cited as the biggest obstacles for taxi drivers’ acceptance of BEVs in South Korea; while in USA, 
drivers are more concerned about societal responsibilities. The ownership cost is widely used to 
assess the cost effectiveness of BEVs. The key elements of ownership costs include vehicle price, 
purchase tax, registration and license fee, fuel cost, and operation and maintenance (O&M) cost 
(Crist, 2012; Delucchi and Lipman, 2001; Egbue and Long, 2012; Hao et al., 2014; Neubauer et 
al., 2012; Trip and Konings, 2014; Wang and Li, 2013). By monitoring eight electric vehicles with 
battery ranges of 175 km and 130 km, operated either as part of a local taxi fleet or as a service 
vehicle for local authorities in the Netherlands, Baert and Kort (2013) found that BEVs were 
economically viable with current subsidies—3% of purchase cost reduction and 36% of purchase 
cost tax deduction. The results of economic evaluation of BEV taxis in Singapore indicated that 
BEV taxis could be economically viable considering their eight-year lifetime, however, the battery 
replacements, the high purchase price, and the leasing rates of BEV taxis could hinder public 
acceptance (Kochhan and Sellmair, 2016). 
Overall, technical, economic, behavioral and regulatory parameters have significant impacts on 
the market acceptance of BEV taxis. The effectiveness of incentives depends on how taxi drivers 
react to the policies. Since it is common for taxis to install GPS devices for the purpose of 
navigation and operational monitoring, taxi trajectories become a major data source to examine to 
drivers’ behaviors and operational characteristics. Due to the shortage of the real-world BEV 
trajectory data, the data collected from CGVs, representing real world travel activities, have been 
used to assess BEV market potential (Chrysostomou et al., 2016; Wang et al., 2015; Yang et al., 
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2016) and optimize the siting of public charging stations (Cai et al., 2014; Tu et al., 2016; Yang et 
al., 2017). Some pioneering works using BEV taxi trajectory data reveal taxi drivers’ charging 
patterns (Li et al. ,2015; Zou et al., 2016), and provide key parameters to simulate charging 
behavior of BEV taxis. To our knowledge, no prior research has been done to design government 
incentive schemes taking into account of taxi driving and charging activities. This paper presents 
a data-driven microsimulation approach to examine taxi drivers’ individual decisions on vehicle 
choice, considering the impacts of government incentives, charger network coverage, BEV range, 
vehicle and battery costs, and energy prices. The government incentive scheme is optimized using 
the simulation model. 
3 Methods  
3.1 Two-stage optimization framework 
A two-stage iterative process is designed to find the optimal incentive scheme. At Stage 1, the 
government determines a set of incentives with a certain goal, for example, subsidizing vehicle 
purchase and charging cost in order to achieve a taxi electrification rate of 𝑤𝑤0 (in %), that is, more 
than 𝑤𝑤0 of CGV taxis would be replaced by BEVs. At Stage 2, taxi drivers will compare the total 
cost of owning and operating CGVs versus BEVs, taking into account the incentives, and decide 
whether to switch to BEVs or not. In particular, the gross profit (GP) (in ¥1,000), defined as the 
cost for owning and operating a BEV taxi minus the costs of a CGV taxi, is estimated. If the gross 
profit is positive, the taxi driver will switch to a BEV. If the collective effect of taxi drivers’ vehicle 
choices does not achieve the taxi electrification goal, the incentive scheme is adjusted in Stage 1.  
3.1.1 Stage 1 
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Stage 1 describes the government decision-making process. The goal of policy makers is to achieve 
a certain taxi electrification target while minimizing the subsidies per BEV taxi. The government 
can subsidize the purchase price of BEV taxis, the charging cost, or both. The current subsidy 
offered by Chinese central government for purchasing a BEV taxi is based on vehicle’s battery 
capacity, that is, ¥1,800 /kWh (MOF, 2015). The local government in Changsha, Hunan Province 
is required to provide an equal amount of matching subsidy, that is, an additional ¥1,800 /kWh to 
BEV taxi purchases, but the total subsidies are limited to 60% of BEV retail price (Changsha, 
2014). Let 𝑉𝑉𝑐𝑐𝑐𝑐  (in ¥1,000) denote the total amount of car-buying subsidies provided by both 
central and local governments. With the BEV market gradually becoming mature, vehicle purchase 
subsidies are expected to reduce (Hao et al., 2014). Accordingly, the rate of decrease in purchase 
subsidies is denoted by 𝑑𝑑𝑟𝑟 (in %).  
The energy costs for BEV taxi drivers include electricity cost and the charging service fee. 
Currently, the service fee for charging BEVs is usually linked to the gasoline price. For example, 
in Beijing, the service fee of commercial charging is restricted to no more than 15% of the 
prevailing gasoline price (Beijing, 2015b). That is, if the current price of gasoline is ¥6/L, the 
service fee should be no more than ¥0.9/kWh. In our model, the public charging costs consist of a 
startup charge, the electricity charge (determined by electricity consumption), and the service fee. 
Denote the service fee paid by taxi drivers as 𝑠𝑠𝑟𝑟 (in %) of the prevailing gasoline price, and assume 
that the charging service providers will charge the maximum allowed service fee at 15% of the 
gasoline price. Thus, we assume that the government subsidizes charging stations at (15% - 𝑠𝑠𝑟𝑟) of 
the gasoline price. Note that the government incentives to install charging station are not 
considered in this study. The charging incentive is to subsidize taxi drivers by offering a discounted 
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service fee. Let 𝑉𝑉𝑒𝑒𝑐𝑐  (in ¥1,000) denote the total amount of charging subsidies provided by the 
government. Thus, the optimization problem at Stage 1 can be written as 
min cb ecV +Vx =
W
     (1) 
where 𝑥𝑥 (in ¥1,000/veh) is the total subsidy provided for each BEV taxi. 𝑊𝑊 (in veh) is the total 
number of BEV feasible taxis, that is, taxis with a positive gross profit when switching to BEVs. 
Given the taxi fleet size 𝑀𝑀 (in veh) and the taxi electrification rate 𝑤𝑤0, the feasibility share 𝑤𝑤𝑓𝑓 (in 
%) needs to meet the taxi electrification target 
0f wM
W=w ≥       (2) 
3.1.2 Stage 2 
Stage 2 describes the individual taxi driver’s decision-making process. The vehicle ownership and 
operating costs for CGV and BEV are calculated, which dictate taxi drivers’ vehicle choice. In 
particular, Santana NF1 is selected as a representative CGV model and is compared with three 
BEV models with the range of 150km, 250km and 350km, respectively2. CGV and BEV taxis are 
assumed to have the same registration and license fee, purchase and business tax, operation and 
                                                          
1  Santana is the most popular CGV model of taxis in China. The gamut of size and body style of Santana NF are 
similar to BEV models used for taxi operation (e.g., BYD E6). Although BEVs have inherent advantages in efficiency 
and torque over CGVs (Riswick, 2013), different from private vehicle owners, taxi drivers usually concern less about 
the vehicle performance. Thus, the difference in vehicle performance is not considered in the vehicle choice model. 
2  Currently BYD E6 is a BEV model widely used as taxis in China with a claimed range of 300 km (BYD, 2014), 
while the U.S. Environmental Protection Agency’s test data show the current E6’s range in practice is about 200 km 
(DOE, 2015). BEVs with smaller ranges are also available in the market, such as ZOTYE 5008EV, LIFAN 620EV, 
CHANGAN E30. In the foreseeable future, BEVs with the range about 350km are possible to be popular, especially 
for the taxi service. Notably, BEVs with larger range imply higher purchase cost, and may obtain more subsidies from 
the government. The impact of BEVs’ range will be discussed in section 5.3.3. 
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maintenance cost, and insurance expenditure1. The potential benefit of purchasing and operating 
a BEV taxi to replace a CGV taxi is computed by three components, namely car-buying savings 
(𝑈𝑈𝑐𝑐𝑐𝑐, in ¥1,000), energy-cost savings (𝑈𝑈𝑒𝑒𝑐𝑐, in ¥1,000), and operational losses (𝑈𝑈𝑜𝑜𝑜𝑜, in ¥1,000) 
caused by BEV charging. The car-buying saving (𝑈𝑈𝑐𝑐𝑐𝑐) is the difference in vehicle purchase prices 
between BEVs and CGVs taking account of purchasing subsidies. The energy-cost saving (𝑈𝑈𝑒𝑒𝑐𝑐) is 
the difference between the charging cost of BEV and the cost of purchasing gasoline for CGV. 
The operational losses (𝑈𝑈𝑜𝑜𝑜𝑜) are defined as the monetary losses due to detour and waiting for 
charging. The calculation of vehicle ownership and operating costs is presented in details in 
Section 3.2. According to Chinese policies of vehicle scrape, taxis have to be scrapped after 8 
years in operation. If the value of gross profit is positive after the entire taxi life cycle, i.e., 8 years, 












+∑      (3) 
where 𝑟𝑟𝑟𝑟 (in %) is the discount rate, and 𝑌𝑌 (in years) is the length of an entire taxi life cycle. 
Fig. 1 summaries the two-stage conceptual model of the decision-making process. When the 
decision variables of Stage 1 problem are set at particular values, i.e., 𝑑𝑑𝑟𝑟 = 𝑑𝑑𝑟𝑟  and 𝑠𝑠𝑟𝑟 = 𝑠𝑠𝑟𝑟 , 
individual drivers’ car-buying saving (𝑈𝑈𝑐𝑐𝑐𝑐 ) and energy-cost saving (𝑈𝑈𝑒𝑒𝑐𝑐 ) can be determined 
accordingly. The feasibility share rate 𝑤𝑤𝑓𝑓, namely, the output of Stage 2 problem, may violate 
constraints (2) and/or modify optimality considerations (1). As formulated, the problem of Stage 
                                                          
1  The vehicle purchase tax for certain BEV models can be waived according to the current policy of China (MOF, 
2014). Although BEVs require less maintenance, the life of batteries are limited and may require periodic replacement 
(Chan, 2007). Therefore, BEV drivers are exempt from purchase tax but may have to pay more for the new battery.  
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2 allows such feedback to the problem of Stage 1 which, in turn, uses it in the search for an optimal 
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Fig. 1  Two-stage optimization model for determining the incentives. 
The optimization of 𝑑𝑑𝑟𝑟 and 𝑠𝑠𝑟𝑟 is coupled with the simulation of individual taxi drivers’ decision-
making on vehicle choice, thereby the mathematical programming would not work for this 
nonlinear problem. The genetic algorithm (GA) is adopted to find the optimal setting of decision 
variables as it is capable of global optimization in the presence of multiple local minima in the 















    (4) 
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where M is a sufficiently large value. The algorithm is implemented in MATLAB and the key 
parameters in the genetic algorithm are set as follows: the population size is 50, the generation 
number is 200, the crossover rate is 0.8, and the mutation rate is 0.2. 
3.2 Data-driven microsimulation 
3.2.1 Overview  
At Stage 2, to capture the heterogeneity of taxi drivers’ operational characteristics and evaluate the 
gross profit for individual taxi drivers, a data-driven microsimulation approach is used. As depicted 
in Fig. 1, given external factors that influence individual decision-making process, such as subsidy 
schemes, vehicle models, charging powers, and gasoline prices, the ownership and operating costs 
of each taxi driver can be estimated based on the GPS tracked vehicle trajectory data. Hence, we 
treat individual taxi drivers as the independent decision makers, and simulate their operational 
behavior and the resulting purchase decisions. In particular, Subsection 3.2.2 describes vehicle 
charging behaviors. The decision process follows the above-mentioned two-stage model: first, the 
car-buying savings (Subsection 3.2.3), the energy-cost savings (Subsection 3.2.4), and the 
operational losses (Subsection 3.2.5) are estimated considering the impacts of external factors, 
charging behavior rules and driver heterogeneities; second, the BEV feasibility and total amount 
of government subsidies are quantified as discussed in Subsection 3.2.6.  
3.2.2 Charging behavior 
BEV taxis can be charged at home (home charging, HC) or at public charging stations (public 
charging, PC) as the state of charge (SOC) has dropped below a threshold 𝑅𝑅𝑐𝑐. PC is assumed to be 
conducted under two possible scenarios: (1) parked public charging (PPC) —taxis are parked at a 
certain location where a public charging station has been sited, the dwell time is more than 20 
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minutes (e.g., lunch time for drivers), and the SOC is less than 𝑅𝑅𝑐𝑐,𝑃𝑃𝑃𝑃𝑃𝑃; (2) detour public charging 
(DPC) — the SOC drops below 𝑅𝑅𝑐𝑐,𝐷𝐷𝑃𝑃𝑃𝑃 after completing an occupied trip, and the driver takes a 
detour to a nearby PC station for recharging. By studying the distribution of battery SOC before 
charging, Zou et al. (2016) found that around three quarters of BEV taxi drivers would not charge 
their cars until SOC drops below 50%. Thus, this paper assumes taxi driver will consider HC and 
PPC when the SOC is below 50%. Specifically, both the threshold 𝑅𝑅𝑐𝑐,𝐻𝐻𝑃𝑃 and 𝑅𝑅𝑐𝑐,𝑃𝑃𝑃𝑃𝑃𝑃 are assumed 
as 50%. The DPC generally results in operational losses caused by the missed occupied trips, and 
𝑅𝑅𝑐𝑐,𝐷𝐷𝑃𝑃𝑃𝑃 is supposed to be lower than 𝑅𝑅𝑐𝑐,𝐻𝐻𝑃𝑃 and 𝑅𝑅𝑐𝑐,𝑃𝑃𝑃𝑃𝑃𝑃. Four values of 𝑅𝑅𝑐𝑐,𝐷𝐷𝑃𝑃𝑃𝑃, namely 30km, 50km, 
70km and 90km, are set to examine their impacts on drivers’ operating activities. The results will 
be presented in Section 5.1.  
The HC, PPC and DPC are illustrated in Fig. 2. As show in Fig. 2, BEV taxi 𝑗𝑗 starts daily work 
with a full charge by HC, and the SOC drops gradually after leaving home. Once the SOC drops 
below 𝑅𝑅𝑐𝑐,𝐷𝐷𝑃𝑃𝑃𝑃, taxi 𝑗𝑗 has to stop operating and head to the nearby PC station. Because of DPC, taxi 
𝑗𝑗 may miss some empty trips, e.g., 𝐷𝐷𝑚𝑚𝑒𝑒(1), 𝐷𝐷𝑚𝑚𝑒𝑒(2), and 𝐷𝐷𝑚𝑚𝑒𝑒(3), which helps to reduce futile energy 
consumption. But taxi 𝑗𝑗 also may miss some occupied trips, e.g., 𝐷𝐷𝑚𝑚𝑜𝑜(1) and 𝐷𝐷𝑚𝑚𝑜𝑜(2), which leads 
to operational losses. After fully charged by DPC, taxi 𝑗𝑗 starts to serve customers again. In the real 
world, taxi 𝑗𝑗 is more likely to pick up passengers near the charging station. However, to ensure 
spatial continuity with the trajectory data, taxi 𝑗𝑗 is assumed to head to the pickup location of the 
first occupied trip once completing the DPC1.  
                                                          
1  The average distance of empty trips in Changsha is about 3.7km, and the detour trips from and to the charging station 
can be considered as two separate empty trips. If the taxi driver is supposed to pick up passengers around the charging 
station, on average it has to travel about 3.7km to find the next customer. The microsimulation results of charging 
behaviors show that the average detour distance of each DPC (the total distance from and to the charging station) 





















Fig. 2  Schematic diagram of HC, DPC and PPC. 
The taxi driver may park the vehicle and take a break during the day. If the parking place is 
equipped with chargers, and the SOC is below 𝑅𝑅𝑐𝑐,𝐻𝐻𝑃𝑃 or 𝑅𝑅𝑐𝑐,𝑃𝑃𝑃𝑃𝑃𝑃, taxi 𝑗𝑗 is assumed to be charged 
until it gets fully charged or the break time runs out. Let 𝑁𝑁𝐻𝐻𝑃𝑃
𝑗𝑗 , 𝑁𝑁𝑃𝑃𝑃𝑃𝑃𝑃
𝑗𝑗 , and 𝑁𝑁𝐷𝐷𝑃𝑃𝑃𝑃
𝑗𝑗  denote the numbers 
of HC, PPC, and DPC per day for BEV taxi 𝑗𝑗, respectively. The number of PC per day for taxi 𝑗𝑗 
is then given by 
j j j
PC PPC DPCN = N + N       (5) 
The energy that BEVs obtain from chargers is determined by HC power (𝑃𝑃𝐻𝐻𝑃𝑃 , in kW), PC power 
(𝑃𝑃𝑃𝑃𝑃𝑃, in kW), and charging time (𝑡𝑡𝑐𝑐, in hours). For the 𝑖𝑖-th HC and the 𝑖𝑖-th PPC, the gained energy 
𝐸𝐸𝐻𝐻𝑃𝑃(𝑖𝑖) (in kWh) and 𝐸𝐸𝑃𝑃𝑃𝑃𝑃𝑃(𝑖𝑖) (in kWh) can be calculated as 
( ) ( )min  ( ,  ) HC i BEV r i  c HCE R r E t P= × + ×     (6) 
min ( , ) PPC(i) BEV r(i) c PCE = R r E t P× + ×      (7) 
                                                          
of the first occupied trip after the interruption of DPC, averagely it has to travel the distance from 4.77km to 6.13km. 
Although it is slightly longer than the distance of actual empty trips, the assumption may be regarded as acceptable.  
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setP(i)c t =tt −        (8) 
where 𝑅𝑅 (in km) is the range of BEVs, 𝑟𝑟𝐵𝐵𝐵𝐵𝐵𝐵 (in kWh/km) is the electricity consumption rate, 𝐸𝐸𝑟𝑟(𝑖𝑖) 
(in kWh) is the remaining battery capacity when taxi 𝑗𝑗 arrives at the charging place, 𝑡𝑡𝑃𝑃(𝑖𝑖) (in hours) 
is the duration of parking time for the 𝑖𝑖-th charging, and 𝑡𝑡𝑠𝑠𝑒𝑒𝑠𝑠 (in hours) is the setup time for each 
charging. 
BEVs are assumed to be fully charged at each DPC1. The energy obtained from the 𝑖𝑖-th DPC 
𝐸𝐸𝐷𝐷𝑃𝑃𝑃𝑃(𝑖𝑖) (in kWh) and the charging time for the 𝑖𝑖-th DPC 𝑡𝑡𝑐𝑐,𝐷𝐷𝑃𝑃𝑃𝑃(𝑖𝑖) (in hours) can be calculated as 
follows 





=t       (10) 






=t      (11) 
where 𝐷𝐷𝑑𝑑1(𝑖𝑖) (in km) is the detour distance to the nearby charging station, 𝐷𝐷𝑑𝑑2(𝑖𝑖) (in km) is the 
detour distance from the charging station to the starting location of the next occupied trip, and 𝑣𝑣𝑑𝑑 
                                                          
1  According to Zou et al. (2016), 74% of the BEV taxi drivers ensure battery SOC higher than 90% (up to 100%) 
before leaving from charging stations. It probably takes a longer time to charge battery SOC from 95% to 100%. 
Approximately, it takes 3.3 minutes, 4.1 minutes, and 7.8 minutes to charge battery SOC from 95% to 100% for BEV-
150, BEV-250 and BEV-350, respectively, if assuming battery gain charging power linearly and the charging power 
is decreased by 40%. The average length of occupied trips in Changsha is about 15.2 minutes, and for empty trips it 
takes about 15.9 minutes. For simplicity, we assume BEVs be fully charged at each DPC in that the number of missed 
trips do not decrease significantly if BEVs are unplugged before the SOC reaches 95%. 
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(in km/h) is the velocity. With the GPS coordinates of the locations where the detour starts and 
ends, the detour trip’s straight-line distance L is calculated as the Euclidean distance, whereas the 
real travel distance tends to be underestimated. In this paper, the distance of a detour trip, D, is 
estimated as 1.241 times of the corresponding straight-line distance L. The coefficient is obtained 
based on the least-squares fitting result from the actual and straight-line travel distance of occupied 
trips (R2 = 0.8386).  
Because several trips are missed due to DPC, the accumulated time of missed trips for the 𝑖𝑖-th 














ikmoM(i) tt=t      (12) 
where 𝑁𝑁𝑚𝑚𝑜𝑜(𝑖𝑖) and 𝑁𝑁𝑚𝑚𝑒𝑒(𝑖𝑖) are the number of the missed occupied trips and empty trips during the 
𝑖𝑖-th DPC, respectively. Missed occupied trips are associated with operational losses. 𝑡𝑡𝑚𝑚𝑜𝑜(𝑘𝑘,𝑖𝑖)  (in 
hours) is the duration of the 𝑘𝑘-th missed occupied trip, and 𝑡𝑡𝑚𝑚𝑒𝑒(𝑘𝑘,𝑖𝑖)  (in hours) is the duration of 
the 𝑘𝑘-th missed empty trip. 𝑡𝑡𝑀𝑀(𝑖𝑖) should be no less than 𝑡𝑡𝐷𝐷(𝑖𝑖), and the difference between 𝑡𝑡𝐷𝐷(𝑖𝑖) and 
𝑡𝑡𝑀𝑀(𝑖𝑖) is assumed as small as possible in the microsimulation. 
3.2.3 Car-buying saving 
To compare the purchase costs of different vehicle models, we assume that the retail price of BEVs 




BEV BEV BEV battery BEV framep R r p p= × × +     (13) 
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where 𝑅𝑅𝑜𝑜 (in km) is the range of BEV model 𝑙𝑙, 𝑝𝑝𝐵𝐵𝐵𝐵𝐵𝐵,𝑓𝑓𝑟𝑟𝑓𝑓𝑚𝑚𝑒𝑒𝑜𝑜  (in ¥1,000 /veh) is the car frame cost, 
and 𝑝𝑝𝐵𝐵𝐵𝐵𝐵𝐵,𝑐𝑐𝑓𝑓𝑠𝑠𝑠𝑠𝑒𝑒𝑟𝑟𝑏𝑏 (in ¥1,000 /kWh) is the battery cost per kWh. The car-buying subsidy 𝑠𝑠𝐵𝐵𝐵𝐵𝐵𝐵𝑜𝑜   (in 
¥1,000/veh) is then given by 
maxmin  ( ,  )
l l l
BEV BEV r BEV batteryS p S R r S dr= × × × ×    (14) 
The maximum subsidy rate 𝑆𝑆𝑟𝑟𝑚𝑚𝑓𝑓𝑟𝑟 is set as 60%, that is, the total subsidy on vehicle purchase is 
restricted to no more than 60% of the BEV retail price. Under the current subsidy scheme, the 
battery subsidy 𝑆𝑆𝑐𝑐𝑓𝑓𝑠𝑠𝑠𝑠𝑒𝑒𝑟𝑟𝑏𝑏 from the local and the central government amounts to as much as ¥3,600 
/kWh, and the discount rate of battery subsidy 𝑑𝑑𝑟𝑟 correspondingly equals 100%. In the future, 𝑑𝑑𝑟𝑟 
will vary in the range of 0 to 100%. 
Thus, the car-buying saving of BEV compared to CGV is 
( )cb CGV BEV BEVU p p S= − −      (15) 
where 𝑝𝑝𝑃𝑃𝐶𝐶𝐵𝐵 (in ¥1,000/veh) is the retail price of the counterpart CGV model, 𝑝𝑝𝐵𝐵𝐵𝐵𝐵𝐵 (in 
¥1,000/veh) is the retail price of BEVs, and 𝑆𝑆𝐵𝐵𝐵𝐵𝐵𝐵 (in ¥1,000/veh) is BEVs car-buying subsidy. A 
positive value of 𝑈𝑈𝑐𝑐𝑐𝑐 indicates that the driver actually pay less for a BEV than a CGV accounting 
for car-buying subsidies. 
3.2.4 Energy-cost revenue 
The energy cost is determined by the energy consumption rate, energy prices, and distance 
traveled. The fuel cost of CGVs 𝐹𝐹𝑔𝑔 (in ¥1,000) is given by 
VKT /1000g CGV CGV gF = r f× ×      (16) 
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where VKT𝑃𝑃𝐶𝐶𝐵𝐵 (in km) is the daily distance traveled, which can be extracted from the taxis’ GPS 
trajectory data,  𝑟𝑟𝑃𝑃𝐶𝐶𝐵𝐵 (in L/km) is the gasoline consumption rate, and 𝑓𝑓𝑔𝑔 (in ¥ /L) is the gasoline 
price.  
The electricity price is different for the residential and commercial use. When charging at home, 
the electricity cost 𝐹𝐹𝑒𝑒,𝐻𝐻𝑃𝑃 (in ¥1,000) is determined by the residential electricity price 




e HC HC i e HC
i
F = E f
=
×∑     (17) 
where 𝑓𝑓𝑒𝑒,𝐻𝐻𝑃𝑃 (in ¥ /kWh) is the electricity price for residential use. According to Changsha’s current 
policies, the basic electricity price for PC (𝑓𝑓𝑒𝑒,𝑃𝑃𝑃𝑃) should be in accord with the industrial charging 
standards (Changsha, 2014). In addition, a constant startup price (𝑓𝑓𝑒𝑒0,𝑃𝑃𝑃𝑃) is assumed for each PC, 
no matter how much electricity has been consumed. As mentioned above, in addition to the 
electricity charges and startup price, taxi drivers are charged with a service fee at 𝑠𝑠𝑟𝑟 of the gasoline 
price 𝑓𝑓𝑔𝑔. The PC cost 𝐹𝐹𝑒𝑒,𝑃𝑃𝑃𝑃 is then given by 
, 0, ( ) ( ) ,
1 1
( ) ( )
PPC DPCN N
e PC PC e PC PPC i DPC i e PC g
i i
F = N f E E f f sr
= =
× + + × + ×∑ ∑    (18) 
where 𝑁𝑁𝑃𝑃𝑃𝑃 is the daily number of PCs. Thus, the energy-cost saving of BEVs compared to CGVs 
is defined as 
, ,( )ec g e HC e PCU F F F= − +      (19) 
3.2.5 Operational loss 
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Sometimes BEV taxi drivers have to cease operations for DPC, leading to missing profit-making 
trips. At the same time, drivers also skip some empty cruising trips, which helps to reduce futile 
energy consumption. The taxi service price of Changsha is determined by the trip duration and 
distance. The price in the daytime differs from that of nighttime in terms of the start price 𝐼𝐼𝑠𝑠 (in ¥) 
and the mileage price 𝐼𝐼𝑚𝑚 (in ¥/km) (charged beyond the initial 2 km) (Changsha, 2015). Since the 
distance of missed occupied trips 𝐷𝐷𝑚𝑚𝑜𝑜  can be identified from the GPS trajectory data, the 
operational loss 𝑈𝑈𝑜𝑜𝑜𝑜 can be calculated as 
ol ol,day ol,nightU =U +U       (20) 
,
, , , ( ) ,
1
( max(0, 2) ) /1000
mo dayN
ol day s day mo day i m day
i
U = I D I
=
+ − ×∑    (21) 
,
, , , ( ) ,
1
( max(0, 2) ) /1000
mo nightN
ol night s night mo night i m night
i
U = I D I
=
+ − ×∑   (22) 
3.2.6 Government subsidies  
Let 𝑤𝑤𝑗𝑗 denote whether a taxi is feasible to be operated by BEVs or not. For taxi 𝑗𝑗, if GP𝑗𝑗 is 
negative, it is considered infeasible and set 𝑤𝑤𝑗𝑗 = 0, otherwise, 𝑤𝑤𝑗𝑗 = 1. That is, 
0 if  GP 0
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= =
= × × × × −∑∑    (26) 
where 𝑡𝑡𝑐𝑐,𝑃𝑃𝑃𝑃(𝑖𝑖)
𝑗𝑗  is the charging time for taxi j’s i-th public charging. 
3.3 Nomenclature and parameters  
The nomenclature and parameterization used in this paper are summarized in Table 1. 
Table 1 
Nomenclature and Parameterization. 
Parameters Description Values 
Vehicle parameters 
𝑅𝑅 Range of BEVs (km) 150, 250, 350 
𝑝𝑝𝐵𝐵𝐵𝐵𝐵𝐵,𝑓𝑓𝑟𝑟𝑓𝑓𝑚𝑚𝑒𝑒 Price of BEVs’ car frame (¥1,000 /veh) 120, 150, 180 
𝑝𝑝𝐵𝐵𝐵𝐵𝐵𝐵,𝑐𝑐𝑓𝑓𝑠𝑠𝑠𝑠𝑒𝑒𝑟𝑟𝑏𝑏 Price of BEVs’ car battery (¥1,000 /kWh) 3 
𝑝𝑝𝑃𝑃𝐶𝐶𝐵𝐵 Price of CGVs (¥1,000 /veh) 120 
𝑟𝑟𝐵𝐵𝐵𝐵𝐵𝐵 Electricity consumption rate of BEVs (kWh/km) 0.2 
𝑟𝑟𝑃𝑃𝐶𝐶𝐵𝐵 Gasoline consumption rate of CGVs (L/km) 0.07 
Charging parameters 
𝑃𝑃𝑃𝑃𝑃𝑃 Effective public charging power (kW) 45 
𝑃𝑃𝐻𝐻𝑃𝑃 Effective home charging power (kW) 9.61 
𝑓𝑓𝑒𝑒,𝑃𝑃𝑃𝑃 Basic electricity price of PC (¥ /kWh) 0.7 
𝑓𝑓𝑒𝑒0,𝑃𝑃𝑃𝑃 Startup charge of each PC (¥ /charge) 2 
𝑓𝑓𝑒𝑒,𝐻𝐻𝑃𝑃 Basic electricity price of HC (¥ /kWh) 0.638 
𝑓𝑓𝑔𝑔 Gasoline price (¥ /L) 5.752 
𝑅𝑅𝑐𝑐,𝐻𝐻𝑃𝑃𝑃𝑃  The SOC threshold of home charging (%) 50 
𝑅𝑅𝑐𝑐,𝑃𝑃𝑃𝑃𝑃𝑃 The SOC threshold of parked public charging (%) 50 
𝑅𝑅𝑐𝑐,𝐷𝐷𝑃𝑃𝑃𝑃 The SOC threshold of detour charging (km) 30, 50, 70, 90 
𝑣𝑣𝑑𝑑 Detour velocity when taxis travel to the nearby station for 
charging (km/h) 
25 
𝑡𝑡𝑠𝑠𝑒𝑒𝑠𝑠 Setup time for charging (minutes) 2 
Operational parameters  
𝐼𝐼𝑠𝑠,𝑑𝑑𝑓𝑓𝑏𝑏 Starting fare of taxi service during daytime from 5:30 AM to 
10:00 PM (¥) 
8 
                                                          
1 It refers to the charging power of home charger provided by BYD E6. 




𝐼𝐼𝑚𝑚,𝑑𝑑𝑓𝑓𝑏𝑏 Taxi service price beyond the initial 2 km during daytime 
(¥ /km) 
2 
𝐼𝐼𝑠𝑠,𝑛𝑛𝑖𝑖𝑔𝑔ℎ𝑠𝑠 Starting fare of taxi service during nighttime from 10:00 PM 
to 5:30 AM (¥) 
10 




𝑠𝑠𝑟𝑟 Rate of PC service fee, fluctuating with gasoline price (%) [0, 15%] 
𝑑𝑑𝑟𝑟 Discount rate of current battery subsidy (%) [0, 100%] 
𝑆𝑆𝑐𝑐𝑓𝑓𝑠𝑠𝑠𝑠𝑒𝑒𝑟𝑟𝑏𝑏 Current battery subsidy (¥1,000 /kWh) 3.6 
𝑆𝑆𝑟𝑟𝑚𝑚𝑓𝑓𝑟𝑟 Percentage of maximum car-buying subsidies of BEV’s retail 
price (%) 
60% 
𝑌𝑌 Length of the taxi life cycle (years) 8 
𝑟𝑟𝑟𝑟 Discount rate (%) 8% 
4 GPS trajectory data 
4.1 Data description 
Changsha, the capital of Hunan province, sits in south-central China. As one of China’s second-
tier cities, the developed area of Changsha occupied a land of 622 km2, with a population of 3.65 
million in 2015. By the end of 2014, there were 7,957 taxis in Changsha. It is required by the local 
government that GPS devices to be installed on all taxis for monitoring purpose. A GPS signal is 
captured roughly every 10 seconds. The data include taxis’ time-stamped location (i.e., longitude 
and latitude), spot speed, azimuth, and operational status (i.e., empty or occupied). This paper uses 
a dataset collected from midnight on Thursday, October 8, 2015 to 23:59 on Wednesday, October 
14, 2015 (local time). Missing or erroneous data may occur due to errors in GPS signal. The 
trajectory data were cleaned by removing invalid points caused by data recording or transmission 
errors. After that, 6,557 taxis with a consecutive 7 days trajectory data were selected and used in 
the analysis. Table 2 lists the general operational characteristics of CGV taxis. Since the taxi 
service is not mainly used for commuting, there is no significant difference in travel patterns 
between weekdays and weekends. The median value of daily vehicle kilometers traveled (VKT) 
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is over 400 km. The full-load ratio is calculated as daily cumulated occupied distance divided by 
VKT. Instead of waiting to receive reservations from a taxi operator, taxi drivers in China tend to 
cruise around to find customers (Zong, 2014). As shown in Table 2, more than 40% of daily VKT 
are empty cruising trips, which could potentially be used for charging.  
Table 2 
Operational characteristics. 
Date Taxi Counts 
VKT (km/day) Full-load ratio 
Mean Standard deviation Median Mean 
Standard 
deviation Median 
2015-10-08 (Thur.) 7926 411 190 412 60.3% 19.4% 65.6% 
2015-10-09 (Fri.) 7916 415 189 421 58.5% 19.2% 63.6% 
2015-10-10 (Sat.) 7912 407 193 407 57.9% 18.4% 62.5% 
2015-10-11 (Sun.) 7925 400 169 405 57.5% 18.4% 62.1% 
2015-10-12 (Mon.) 7925 412 193 414 58.0% 18.3% 62.6% 
2015-10-13 (Tues.) 7916 417 198 417 59.1% 19.0% 63.9% 
2015-10-14 (Wed.) 7918 406 182 410 58.5% 18.9% 63.4% 
 
4.2 Charger siting 
A dwell event is defined as a period during which an unoccupied vehicle is parked at a certain 
location for at least 20 minutes. 185,404 dwell events are identified from the one-week taxi GPS 
dataset. The place where a dwell event occurs represents a charging opportunity for the taxi. 
Locations where many taxis parked are considered as potential PC stations; locations where 
specific taxis regularly parked are considered as their HC places. In order to find the popular 
destinations where dwell events occur, the study area is discretized into cells. The region is limited 
to 27 – 29 N°, 111 – 115 E° (i.e. the city boundary) to remove outliers. Each cell has a quadrate 
edge of 0.005° latitude and longitude, approximately equivalent to 0.5×0.5 km2. As a result, the 
study area is divided into 400×800=320,000 cells. For each cell, the number of parked vehicles is 
counted. There are 2,460 valid cells that have records of vehicles parked.  
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Valid cells are ranked by the number of dwell vehicles that parked in the cells. Based on the 
frequency distribution, the valid cells are classified into five categories, defined as Cp (p=1, 2,…, 
5). Each category covers 20% of the dwell events, that is, about 37,081 events in each category. 
Fig. 3 shows the numbers of the valid cells and dwell events for each category. Category C1 
includes 10 cells where a total of 38,586 dwell events occurred during one week. In particular, 
10,777 dwell events are occurred at the most popular cell, that is, on average, more than one vehicle 
arrived at this cell every minute. The popular parking spots of Category C1 are mainly located at 
the airports, coach stations and railway stations of Changsha. Category C5 accounts for 87.4% of 
the total valid cells, which are considered as the less favorable locations for placing PC chargers. 
 
Fig. 3  Distribution map of potential charger locations. 
For a particular taxi, in order to find the HC place, the total dwell time and the number of 
occurrences are calculated. If a taxi parked in the same cell for four days or more in a week, and 
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the total amount of parking time in that cell is among the top three cells, the location is considered 
as the taxi’s HC place. According to these criteria, 6,069 vehicles are assigned their own HC 
places, located in 850 valid cells. If a valid cell is equipped with both PC and HC chargers, taxis 
are assumed to use PC because of higher charging power and less charging time, which helps to 
minimize the drivers’ loss of operating time caused by charging.  
Varying levels of charger network coverage are considered to examine their impacts on BEV taxi 
feasibility. Five PC deployment scenarios are defined in Table 3. In Scenario 1, PC chargers are 
installed at the cells in Category C1, which include 10 valid cells and cover 20% of dwell events. 
Among the 850 HC candidate places, 840 are not equipped with PC chargers. Thus, 840 HC 
chargers are installed. Scenario 2 assumes that PC chargers are installed at the cells in Category 
C1 and C2, which includes 44 valid cells, covers 40% of dwell events, and 806 HC chargers, and 
so forth. In Scenario 5, when all valid cells are equipped with PC chargers there is no demand for 
HC chargers. 
Table 3 
PC deployment scenarios. 
Scenario S1 S2 S3 S4 S5 
Coverage 20% 40% 60% 80% 100% 
Categories included {C1} {C1,C2} {C1,C2,C3} {C1,C2,C3,C4} {C1,C2,C3,C4,C5} 
No. of 
valid cells 
PC  10 44 123 311 2460 
HC  840 806 727 548 0 
5 Results and discussion 
5.1 Impact of detour charging 
Assuming all the taxis are replaced with BEVs, we estimate average occurrences of HC, PPC and 
DPC for each taxi using the microsimulation. Whereas most private BEV owners can rely on 
recharging the battery at home during the night, most taxis are operated continuously day and night 
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by multiple drivers and opportunities of implementing HC are slim. When operating BEV-350 
with lowest PC network coverage and setting the SOC threshold of DPC (𝑅𝑅𝑐𝑐,𝐷𝐷𝑃𝑃𝑃𝑃) as 30km, for the 
entire taxi fleet only 122 HC are observed during the week. Improving PC coverage or setting 
higher value of 𝑅𝑅𝑐𝑐,𝐷𝐷𝑃𝑃𝑃𝑃  results in a decline of HC occurrences. If deploying BEVs with larger 
battery capacity, the demand of HC goes up, and it is the same for PPC. That is because when 
deploying longer-range BEVs, e.g., BEV-350, 𝑅𝑅𝑐𝑐,𝐷𝐷𝑃𝑃𝑃𝑃  is relatively lower than 𝑅𝑅𝑐𝑐,𝑃𝑃𝑃𝑃𝑃𝑃  and 𝑅𝑅𝑐𝑐,𝐻𝐻𝑃𝑃 
(50% of the SOC). Accordingly, there are more opportunities for BEVs to satisfy the conditions 
of HC and PPC.  
The PC coverage has impacts on DPC occurrences but not significant. For example, if deploying 
BEV-150 and setting 𝑅𝑅𝑐𝑐,𝐷𝐷𝑃𝑃𝑃𝑃 as 50km, the occurrences of DPC decrease from 3.0 to 2.6 times per 
day as the PC coverage is improved from 20% to 100%. Fig. 4 presents the occurrences of DPC 
when PC coverage is 60% (i.e. Scenario 3). As expected, the average occurrences of DPC goes up 
with the increase of 𝑅𝑅𝑐𝑐,𝐷𝐷𝑃𝑃𝑃𝑃. When 𝑅𝑅𝑐𝑐,𝐷𝐷𝑃𝑃𝑃𝑃 is set as 50km, DPC occurs 2.85 times for BEV-150, 
1.28 times for BEV-250, and 0.79 times for BEV-350, respectively. As the average detour distance 
of each DPC (the total distance from and to the charging station) ranges from 9.54km to 12.26km 
given different coverage scenarios, the remaining SOC of 50km is supposed to be enough to 





Fig. 4  Number of daily detour charging (Scenario 3). 
 
BEV taxi drivers’ revenue is mainly determined by energy cost savings and operational losses due 
to DPC. As shown in Fig. 5, DPC causes missed trips and significantly affects drivers’ operational 
losses, especially when the BEV range and the charger coverage are small. Daily energy cost 
savings can make up for the losses to a certain extent. When no PC service fee is charged (i.e. 𝑠𝑠𝑟𝑟= 
0), energy cost savings may cover operational losses for BEV-250 and BEV-350 (Fig. 5 (a)). For 
BEV-150, the energy cost savings can not cover the deficits caused by DPC even with an extensive 
PC infrastructure, thereby we conclude that BEV-150 is not suitable for taxi operation. If a 15% 
service fee is charged (i.e. 𝑠𝑠𝑟𝑟= 15%), no matter how much the range is, most drivers may suffer 
from daily deficits (Fig. 5 (b)). Only the scenario that deploying BEV-350 with the most extensive 




































Fig. 5  Daily operational revenue. 
5.2 Current policy assessment 
Under current subsidy policy scheme of Changsha, BEV taxi purchase can be qualified for as high 
as ¥3,600 /kWh subsidy, and the total subsidies are limited to 60% of BEV retail price. Since the 
implementation pace of PC installation likely affects the feasibility of BEV taxis, two 
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coverage is as defined in Scenario 1 in the first three years, increase to Scenario 2 in the next three 
years, and reaches Scenario 3 in the last two years; in Pace 2, the PC coverage is as Scenario 1 in 
the first two years, reaches Scenario 2 and Scenario 3 in the third year and the sixth year. To access 
the current subsidy policy scheme of Changsha, the discount rate of battery subsidy 𝑑𝑑𝑟𝑟 is set as 1. 
Fig. 6 presents the feasibilities under the two paces when service rate 𝑠𝑠𝑟𝑟 varies from 0% to 15%. 
By comparing two PC charger deployment paces, we can see that more taxis become feasible if 
speeding up the implementation pace of PC coverage. Therefore, the results presented in the 
following sections assume Pace 2. 
 
Fig. 6  Feasibility under different facilities implementation scenarios  
Since the current vehicle purchase subsidy scheme is based on the battery capacity, BEV-150 
obtains less vehicle purchase subsidies from the government, resulting in the lower feasibility. 
BEV-250 is more competitive as urban taxis because of their moderate car-buying cost and 
operational losses. This result explains why a considerable proportion of BYD E6 (with a range of 
300 km according to the carmaker) sales is associated with public purchase to be used as taxis1. 
The model of BEV-350 is not popular in the market now but their potential can be foreseen in the 
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future. Because of the highest vehicle purchase subsidies and the best performance on operational 
revenue, the deployment of BEV-350 enable more taxis to become BEV feasible. 
In most provinces of China, the current market price of PC is above ¥1.3 /kWh, including a service 
rate of more than 10%1. In that case, the electrification rate of taxi fleet can hardly reach 25%. 
When the service rate rises to 15%, namely, the PC price is ¥1.56/kWh, less than 10% of the taxi 
fleet are BEV feasible, even with a substantial car-buying subsidy of ¥3,600 /kWh. If the 
government subsidizes PC in addition to vehicle purchase subsidies, the feasibility can be 
significantly improved. In particular, when PC stations only charge the basic electricity fees (i.e. 
service rate is 0%), more than 90% of CGV taxis can be replaced by BEV-250 or BEV-350 in Pace 
2. 
5.3 Preferred BEV range 
Fig. 7 presents the decomposition of average subsidies per vehicle when the electrification goals 
𝑤𝑤0 are set as electrifying 20%, 40%, 60% and 80% of the taxi fleet. The subsidies per taxi are 
minimized by optimizing 𝑠𝑠𝑟𝑟  and 𝑑𝑑𝑟𝑟 . The subsidy scheme of BEV-150 is not optimized here 
because when 𝑠𝑠𝑟𝑟= 0 and 𝑑𝑑𝑟𝑟= 100%, the feasibility of BEV-150 is only 14.3%. Specifically, no 
matter how 𝑠𝑠𝑟𝑟 and/or 𝑑𝑑𝑟𝑟 changes, the feasibility of BEV-150 cannot exceed 14.3%. Compared 
with BEV-350, the subsidies on each feasible taxi of BEV-250 are relatively lower. To achieve a 
higher electrification rate, i.e., setting 𝑤𝑤0 as 60% or 80%, the service rate has to be reduced to less 
than 5%. For BEV-250, the feasible taxis’ gross profits gradually rely on their operational revenue 
                                                          
1  For detailed BEVs charging price, refer to: http://www.evpartner.com/news/27/detail-13845.html. 
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along with the decrease of 𝑠𝑠𝑟𝑟 and 𝑑𝑑𝑟𝑟. However, the optimized subsidy on vehicle purchase for 
BEV-350 keeps stable, as much as 60% of the BEV retail price, which is not reduced as expected. 
 
Fig. 7  Minimum subsidies per vehicle 
Considering operational heterogeneity among different taxi drivers, some prefer small-range 
BEVs because of their lower car-buying cost, while others prefer long-range BEVs because of the 
smaller operational losses. Assuming drivers can make a choice from these two BEV models 
according to their operational characteristics, a mixed-range scheme is defined. That is, during the 
optimization process, when the combination of parameters 𝑠𝑠𝑟𝑟 and 𝑑𝑑𝑟𝑟 is given, a BEV model is 
selected by each driver which offers the highest gross profits. With the mixed-range scheme, the 
average subsidy on each feasible taxi is a bit higher than the subsidy intensity for BEV-250, and 
much lower than the intensity for BEV-350. Vehicle purchase subsidies cannot be reduced while 
charging subsidies are flexible according to the adjustment of electrification goal. Fig. 8 presents 
the rates of 𝑑𝑑𝑟𝑟 and 𝑠𝑠𝑟𝑟 when the electrification goals 𝑤𝑤0 are set as 20%, 40%, 60% and 80% under 
the mixed-range scheme. Compared with the single-range scheme, which requires drivers to adopt 
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For example, when 𝑤𝑤0 is set as 60%, the optimized 𝑠𝑠𝑟𝑟 and 𝑑𝑑𝑟𝑟 under the mixed-range scheme is 
6.3% and 100% respectively. If applied these two parameters to the single-range scheme, only 
45.0% of CGV taxis can be replaced by BEV-250, or 47.2% can be replaced by BEV-350. More 
extremely, if 𝑠𝑠𝑟𝑟 is set as 0 and 𝑑𝑑𝑟𝑟 is set as 100%, under the single-range scheme the highest 
feasibility is 93.8% if deploying BEV-350, while the feasibility can reach 97.6% under the mixed-
range scheme. 
 
Fig. 8  Feasibility under the single-range scheme and the mixed-range scheme 
5.4 Impact of battery cost reduction 
Fig. 9 and Fig. 10 present the results of sensitivity analysis considering lower battery costs. The 
average subsidies per vehicle are minimized by optimizing 𝑠𝑠𝑟𝑟 and 𝑑𝑑𝑟𝑟. The current battery cost is 
assumed as ¥3,000/kWh. When the battery cost reduces to ¥900/kWh (i.e. decreases by 70%), it 
still requires more than ¥150,000 subsidies per vehicle to achieve 50% feasibility; if no subsidies 
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As shown in Fig. 9, when the battery cost drops by 0% to 70%, and the goal is set to achieve 50% 
feasibility, the reduction rates of subsidy intensity for BEV-250 and BEV-350 are 44.1% and 
50.3%, respectively. Battery cost decrease makes long-range BEVs more favorable. Note that 
battery cost decrease would not alleviate BEVs’ operational losses. The reduction in average 
subsidy is due to the car-buying saving. As shown in Fig. 10, when battery price is reduced by 
more than 50%, car-buying savings of BEVs are all above zero, indicating the actual cost of buying 
one BEV is less than the retail price of compared CGV model. It is possible for BEV-250 with a 
negative value of operational revenue to become feasible when the battery cost drops by more than 
70%. However, heavily subsidizing on vehicle purchase when the operational revenue is negative 
does not help to promote the acceptance of BEV taxis in the long run.  
 



























Fig. 10  Revenue decomposition of feasible taxis (battery cost decrease, w0=50%) 
5.5 Impact of gasoline price surge 
The rise of gasoline price would promote BEV taxis. As presented in Fig. 11, when the price of 
gasoline doubled (i.e. ¥11.5 /L), the subsidies on each feasible taxi can be reduced to less than 
¥90,000 to achieve the electrification goal of 50%; if no subsidies are provided, 18.4% of the taxi 
fleet become BEV-250 feasible and 4.8% become BEV-350 feasible; if stop subsidizing on 
charging and provided with the car-buying subsidies as much as ¥87,000 /veh, 50% of the taxi 
fleet become BEV-350 feasible. The substantial fuel cost difference between CGVs and BEVs 
increases the operational revenue of BEV taxis considerably, which helps to make up for the 
vehicle purchase cost (Fig. 12). In the case of deploying BEV-250, with the increase of gasoline 
price from 0% to 100%, the operational revenues rise from ¥54,000 /veh to ¥216,000 /veh. 
Accordingly, the required car-buying subsidies decrease from ¥175,000 /veh to ¥10,000 /veh. As 
severe fluctuation of gasoline prices has been observed in recent years, the increase of gasoline 
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Fig. 11  Minimum average subsidies per vehicle (gasoline price rises, w0=50%) 
 
Fig. 12  Revenue decomposition of feasible taxis (gasoline price rises, w0=50%) 
6 Policy implications 
The primary approach to start up BEV taxi market is to provide vehicle purchase incentives. 
However, our quantitative analysis shows that subsidizing BEV purchase is not a panacea for 
promoting the adoption of BEV taxis. A mix of policy instruments should be carefully designed 
in order to improve the effectiveness of government incentives. Some important policy 












































Car-buying saving Operational revenue GP-0% GP-20%
GP-40% GP-60% GP-80% GP-100%
34 
 
First, the accessibility of charging infrastructure has some but not significant impact on the 
operations of BEV taxis. As taxi drivers cruise around the city randomly and do not have fixed 
routes, they tend to accept detour charging more easily than private car owners. Better charger 
network coverage and faster implementation pace enable more taxis to switch to BEVs. The GPS 
trajectories data reveal that most taxis are stationary for several hours a day, offering opportunities 
to recharge the battery. Examine taxis’ habitual driving and dwelling behavior using trajectory 
data helps to design a charger network that can best serve BEV drivers. 
Second, the preferred BEV range varies from driver to driver. In general, BEV-150 is not suitable 
for taxi operation as the energy cost savings can not cover the deficits caused by DPC, even with 
an extensive PC infrastructure. Longer-range BEVs reduce operational losses while imposing a 
heavy burden on vehicle purchase. Considering the heterogeneity of taxi drivers’ operating 
behaviors, it is recommended to let taxi drivers select a BEV model with their favorable range, 
instead of promoting one model. For example, if a taxi usually operates long daily mileage, and 
takes only a few short breaks, a long-range BEV is favorable; whereas a small-range BEV might 
be sufficient for some drivers who take long breaks of several hours during the day. 
Third, decreasing battery cost reduces the BEV taxis’ dependency on the government car-buying 
subsidy. Long-range BEVs become a more viable option for taxis drivers. However, it is still 
difficult for BEVs to gain large market share without operational subsidy. Two practical paths 
could be considered by the government: one is to keep the intensity of car-buying subsidy even 
when the battery cost drops, in which case the operational losses could be made up by car-buying 
savings; the other one is to subsidize the vehicle purchase till BEVs cost as much as CGVs, and 
the government provides charging subsidies that vary with gasoline prices. The second approach 
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may be more efficient with regard to the utilization of government subsides. Without car-buying 
incentives, public charging subsidy itself is not enough to start up the BEV market. 
Finally, energy-related cost plays a decisive role on the market acceptance of BEV taxis. When 
there is an obvious energy cost advantage of BEVs compared with CGVs, the government should 
subsidize car-buying instead of offering subsidies on charging. In particular, when the gasoline 
price doubles, only car-buying subsidies are needed to make 50% of the taxi fleet as BEV-350 
feasible. While the energy costs of BEVs and CGVs are similar, for example, with the current 
gasoline price of ¥ 5.75/L and the service rate of 15% (i.e., the electricity cost of PC is ¥ 1.56/kWh), 
only 6.1% of the taxi fleet are BEV-350 feasible, thereby the government should provide intensive 
financial support for public charging exclusive of vehicle purchase.  
7 Conclusion 
This paper presents an optimization framework to determine financial incentives provided by the 
government to promote BEV taxis. The methodology presented in this paper can be applied to 
design the incentive scheme for other areas based on taxis’ travel patterns. The policy implications 
can be generalized for the cities which have the similar urban scales and share the similar operating 
patterns of taxi fleet as Changsha. The key findings include (1) detour charging is inevitable for 
BEV taxis’ daily operation and affect operational activities of small-range BEVs significantly; (2) 
although the Chinese government has provided a substantial financial support on vehicle purchase 
for BEV taxis, without subsidizing on BEVs’ charging cost, i.e., exempted from the public 
charging service fee, few taxis are feasible to be replaced by BEVs; (3) the preference of BEV 
range varies among different drivers, thus, it is suggested that the government not interfere taxi 
drivers’ personal choice for BEV range; (4) with technological advances, the reduction of battery 
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cost helps to reduce the amount of government subsidies, while continuing subsidizing vehicle 
purchase and charging is still necessary in order to maintain taxi drivers’ operational revenue; (5) 
when the gasoline price doubles the government can stop offering charging subsidies if aiming at 
achieving 50% feasibility. The research can be further improved with more data, especially BEV 
taxis’ real world operating data, which is likely to be available in the future. 
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